In the rat heart, contractile force appears to reach a maximum at very low frequencies and to decline progressively with increasing rates. As a result, contractility at high frequencies has been found to be markedly depressed in this species (l-3, 6, 8, 11, 12, 17, 20, 23) . Kruta and Stejskalova (17) were one of the first to point out that in small animals exhibiting high resting heart rates typical staircase efflects tended to occur at higher frequencies than in larger animals with lower heart rates. In the rat, a species with high physiological heart rates (5), staircase effects therefore may be expected to be prominent at high frequencies, Most previous studies on the staircase effect in the rat heart have been performed in preparations in which the isolated myocardium was not supported by effective coronary perfusion ( 1, 3, 6, 8, 11, 12, 17, 23) . In such preparations, the decline in contractility at high frequencies may have resulted from inadequate metabolic support of the muscle (14) . In the present study the force-frequency relation in the well-perfused isolated rat heart tvas reexamined.
In Thus, in perfused rat hearts increases in rate over a physiological frequency range (5) resulted in marked increases in contractility*
In other experiments the stability of the mechanical performance of the hearts at different frequencies was studied. After a 60-min equilibration period at a frequency of 240/min, frequency was increased. Peak systolic force was measured 4 s and 10 min after the increase in rate, and the lo-min value was expressed as a percent of the 4-s value. Values at 300 (n = 6), 360 (n = 6), 420 (n = 6), and 480 (n = 6) averaged 98 & 2 (mean & SE), 96 & 2, 85 & 5, and 48 & 8 %, respectively. Thus, in these isovolumic rat hearts a striking decline in performance occurred at frequencies exceeding 420 beats/min. Hearts paced at 3OO/min (n = 6) and at 480/min (n = 6) were freeze-clamped at the end of the IO-min period. Ventricular ATP levels in the lower and higher frequency groups averaged 25 =t 2 and 13 & 9 pmol/g protein (mean =t SE, P < .OOl), respectively. These values did not differ significantly from those obtained in the same hearts by accelerating the heart rate from 300 to 540, suggesting that a common contractile ceiling was reached independent of the stimulus used m
The effects of increases in the rate of stimulation in a papillary muscle are illustrated in Fig. 3 . With 5 mM glucose as substrate an increase in frequency from 6 to 60 produced an initial strong beat and a subsequent progressive decline in force (Fig. 3A) . The profile of the force tracing after the rate increase was concave upward (negative slope). In eight papillary muscles peak (total) stress at and led to a net increase in force (Fig. 3C) . Figure 3D shows that addition of sorbitol (30 mM), a monosaccharide that does not penetrate cells, had no effect on the staircase.
In similar experiments monosaccharides that penetrate cells but are not appreciably metabolized, such as D-galactose or L-arabinose (2 I), likewise had no effect on force. Figure 4 summarizes the results obtained in eight papillary muscles in which changes in rate from 30 to 300 were effected in the presence of 5 or 30 mM glucose. The change in the staircase response after an increase in the concentration of glucose was not immediate but usually took several minutes to develop fully. A representative sequence of tracings obtained in a papillary muscle immediately prior to and at lo-min intervals after an increase in the concentration of glucose is shown in Fig. 5 . It is apparent that early staircases resulted in net decreases and later staircases in net increases in force. However, all tracings exhibited similar force profiles and in none did a net decrease in force result from a strong initial contraction followed by a contractile decrescendo as shown in Fig. 3A The inability of isolated muscle preparations to reach a steady state at high frequencies was first emphasized by A. V. Hill ( 10) and Kruta (15) . This phenomenon is not specific for the myocardium of the rat (14, 15, 17) . The finding that myocardial ATP levels in hearts paced at a rate of 480/ min compared to those paced at 300/min were decreased by as much as 50 % is consistent with a profound change in the energetics of the myocardium driven at high frequencies.
Under physiological conditions the rat heart beats at frequencies as high as 500/min (5). 1t does not appear likely that progressive deterioration in mechanical performance and marked decreases in ATP stores occur at these frequencies in the intact animal. The observation that the blood-perfused heart in the open-chest animal was capable of beating at high frequencies without a depletion in myocardial ATP stores is consistent with this assumption.
In papillary muscles increases in the rate of stimulation produced two basic types of force transients, which are illustrated schematically in Fig. 6 . The first type (Fig. 6, upper tracing) was observed only at low frequencies. The transient started with early strong contractions followed by a progressive decline in force the profile of which was concave upward (negative slope). This pattern, which is frequently referred to as a negative staircase (14), was very reproducible.
It was not influenced by exposure of the muscle to high concentrations of glucose. It has been asserted that the negative staircase constitutes an exceptional feature of rat ventricular myocardium ( 16). However, the force-frequency relation of the rat heart has usually been compared to that of animals with con-siderably lower resting heart rate such as the cat and it remains to be demonstrated whether other species with equally high or higher physiological heart rates exhibit staircases similar to that seen in the rat.
The second type of force transient (Fig* 6> lower tracing 
